We review current knowledge regarding the natural transition of aortic dissection from acute to chronic stages. As this is not well understood, we also bring to bear new data from our institution. Type A dissection rarely transitions naturally into the chronic state; consequently, information is limited. Type B dissections are routinely treated medically and indeed undergo substantial changes during their temporal course. General patterns include: 1) the aorta dilates and, absent surgical intervention, aortic enlargement may cause mortality; 2) continued false lumen patency, particularly with an only partially thrombosed false lumen, increases aortic growth, whereas calcium-channel blockers affect aortic dilation favorably; 3) aortic dilation manifests a temporal dynamic, with early rapid growth and deceleration during transition; 4) the intimal flap dynamically changes over time via thickening, straightening, and loss of mobility; and 5) temporal remodeling, on the cellular level, initially shows a high grade of wall destruction; subsequently, significant fibrosis ensues. (J Am Coll Cardiol 2016;68:1054-65) 
STANFORD TYPE B DISSECTION AORTIC ENLARGEMENT. Uncomplicated dissections affecting the descending aorta are preferentially treated with medical therapy alone, and thus they naturally transition into the chronic state (8) (9) (10) (11) .
Although medical treatment achieves acceptable early survival (9, 12, 13) , about one-quarter to onethird of early survivors expire within the first 5 years (10, 14, 15) . Aortic expansion remains the crucial factor determining long-term survival, despite optimal medical treatment. The estimated freedom from aneurysm formation in patients with type B aortic dissection is only 65.5% at 3 years and 26.7% at 5 years of follow-up, according to data from the IRAD (International Registry of Acute Aortic Dissection) (16) , and also confirmed by earlier studies (17) .
After type B aortic dissection, dilation occurs predominantly in the upper descending aorta (18) . Reported rates of diameter enlargement of the dissected descending aorta vary in the published reports (probably reflecting inhomogeneity of the populations studied, variations in the methodology of growth rate calculation, length of observation period, and selection and number of the evaluated aortic segments). In 2012, Jonker et al. (19) analyzed data from the IRAD registry and reported a growth rate of 3.11 mm/year in isolated flap dissection (follow-up: 2.0 years). Asian race was found to be protective against aortic enlargement, whereas white race was an independent risk factor for growth (regression coefficient [RC]: 4.6). Interestingly, an aortic diameter <40 mm showed a significantly higher rate of enlargement than larger diameters (RC: 6.3). In a recent multicenter study, Tolenaar et al. (20) mm/year at the midportion (20) . Another multicenter study (with contribution from our institute) calculated rates of 2.3 and 3.8 mm/year at levels 2 and 20 cm below the left subclavian origin, with differences also according to false lumen patency (21) . In their recent study, Sueyoshi et al. (22) analyzed aortic enlargement in a Japanese population and found a mean growth rate of 4.1 AE 4.5 mm/year using the fastest growing aortic segment for calculation. FALSE LUMEN PATENCY. Continued patency of the false lumen has an essential adverse influence on aortic enlargement and long-term survival (7, (19) (20) (21) (22) (23) (24) (25) (26) (27) .
Multiple, but not all, studies noted a significant beneficial effect of a completely thrombosed false lumen in comparison with a patent false lumen regarding dilation and outcome (21, 23, (28) (29) (30) (31) . In 2007, Tsai et al. (31) from the IRAD registry investigated the pathological effect of only partial thrombosis of the false lumen. They found that a false lumen in which both flow and thrombosis were present was associated with an increased mortality during the chronic state (by a factor of 2.7). They hypothesized that either the occlusion of a distal re-entry tear might lead to increased wall tension within the false lumen (saccular type formation), or that thrombus-related hypoxia of the adjacent aortic wall might cause localized wall weakening. Recent studies observing the predictors of aortic dilation confirm the effect of partially thrombosed or saccular-type false lumen formation (20) (21) (22) . Besides the patency status of the false lumen, localization was also shown to have an effect on outcomes, with worse results from false lumen localization at the inner curvature (concavity) of the aorta (20, 32) .
In terms of false lumen patency, there are published reports of 44% to 59% for patent, 23% to 47.6% for partially thrombosed, and 8.3% to 19.5% for completely thrombosed false lumen (9, 19, 21, 24, 31, 33) .
Reviewing our institutional data, we found, respectively, 60.2%, 38.2%, and 1.5% of the patients with patent false lumen, partial, and complete thrombosis in patients transitioned into the chronic state as indications for surgical intervention (7, 35) . However, some studies have doubted this generalization, having shown no effect on aortic enlargement and survival (10, 19, 23, 36, 37) .
Arterial hypertension, 1 of the key causative factors of type B aortic dissection, has an incidence at presentation of 66.7% to 91.7% (3, 9, 10, 12, 15, 19, 34, 38, 39) .
However, about 90% of patients are normotensive under anti-impulsive therapy at discharge, achieving recommended values for systolic blood pressure of between 100 and 120 mm Hg (40) . No definite evidence exists regarding the use and effectiveness of various drug classes (7, 35, 41, 42) . Guidelines recommend beta-blockers as mainstay first-line therapy (7,35) (for modulation of dP/dt), a recommendation confirmed by single-center results (43, 44) . However, recent studies failed to show a beneficial effect on aortic enlargement and survival (19, 38, 40, 41) . The same lack of evidence relates to medications approaching the renin-angiotensin system (19, 38, 40, 41) . Only calcium-channel blockers were shown to beneficially affect aortic dilation (growth rate 0.51 mm/year vs.
3.9 mm/year; RC: À3.39) and mortality (OR: 0.55) according to recent data from the IRAD registry (19, 40) and other studies (OR: 0.38) (38) .
In a report by Durham et al. (10) , chronic renal failure, among other factors, was identified to be an independent predictor of medical failure in conservatively treated patients. Although little is known about the influence of chronic renal insufficiency (found in about 4% to 5% of patients [10, 39] ), acute failure of renal function at time of admission and, specifically, at discharge, has been well-shown to have an adverse effect on long-term outcomes (38, 45) . Other comorbidities, like smoking status (incidence 25% to 80% [3, 12, 15, 38] ), appear not to be essential predisposing factors for adverse long-term outcome in medically-treated type B dissection of the thoracic aorta (46, 47) .
Discrepancies exist regarding the influence of sex and age on transition processes. Female sex was shown to favor less enlargement by the IRAD data (RC: À3.8) and by a recent multicenter study (RC: À2.32) (19, 20) , whereas a former report found a higher dilation rate in women, and female sex was an independent predictor of long-term mortality (hazard ratio: 1.99) (23, 45) . Equally contradictory are the scientific data regarding the effect of increased age on the rate of aortic enlargement. Some studies promote age as a protector, whereas other studies find age to be a contributor or to have no effect (9, 10, 20, 21, 23, 39, 48) .
DYNAMICS OF TRANSITION. Aortic enlargement and its annual growth rate are usually estimated either by the differences between the initial and most recent available maximal diameter divided by image time interval (19) (20) (21) (22) (23) or using a regression model, as favored at our institute (49, 50) . Both methods follow the hypothesis that the aorta grows uniformly and linearly. However, aortic expansion is not at all linear over time, and there is a relative signal void in published reports regarding its dynamic over time.
Data from our institutional database, observing each single patient's interval growth rate during follow-up images, reveals that a very rapid change in diameter occurs early in the post-dissection period, which then stabilizes after 25 days and plateaus after 88 days (R 2 ¼ 0.420) ( Figure 2 ). From that point on, a much slower rate of enlargement continues forward without further variation over time.
The growth rates also differ statistically between the stages (p < 0.0001) (Online Table 3 ). By using a regression model (50) 
PROGRESS OF DISSECTION.
Longitudinal progression of a medically treated type B aortic dissection is often a concern during the chronic state. In studying our institutional data, we found essentially no distal extension of dissection over time (except for 1 minor extension within the iliac artery, without clinical effect) ( Table 1) . This is a striking and clinically important observation, which supports the concept that once the "eye of the storm" is weathered early after dissection, a durable stage of stability is (65, 66) . A patent false lumen was shown to have an adverse effect on aortic dilation, incidence of distal reoperation, and survival (OR: 6.484) (27, (65) (66) (67) . Moreover, the long-term outcome is influenced by multifactorial patient characteristics (e.g., atherosclerosis [45] ). However, beta-blockers are the only medication found to have a verifiably beneficial effect on mortality (hazard ratio: 0.471) after type A dissection (40) . The need for secondary distal reoperation during the chronic state is noted in 4% to 41% of patients (27, (65) (66) (67) (68) (69) . Changes in distal extension 0 (-) 1 (1.5) Values are n (%). Note: the most distal extent is indicated. Over the entirety of observation, only 1 patient showed (minor) distal progression of dissection over time from infrarenal to iliac extent. Changing Pathology of Aortic Dissection changes discussed earlier can be seen with normal aging (elastin fragmentation, cystic medial necrosis, medionecrosis, and fibrosis); however, these histological features are also seen in aortic pathology and are thought to represent an adaptation to stress or trauma (70) . Former studies reported these microscopic pathologies in aortic dissection (71) (72) (73) (74) (75) (76) , and found specifically increased grades of cystic medial necrosis and elastin fragmentation compared with nondissected aneurysm specimens (77) .
However, the detailed temporal pattern of dissection-related changes has yet not been described (to our knowledge) (72, 73) . Therefore, we selected operative specimens (44 type A, 50 type B), assigned to different temporal stages (according to the onset of symptoms). We reviewed these temporally specific specimens according to the classification of Schlatmann and Becker (70) (Online Table 4 ).
Among the type A dissections, no statistically significant differences were seen in the presence of atheroma, intimal hyperplasia, subadventitial fibrosis, inflammation, fibrosis of vasa vasorum, or medial atrophy over time ( Table 3) . Furthermore, no significant differences were seen in grading (grade III vs. grade #II) of cystic medial necrosis, medionecrosis, elastin fragmentation, or fibrosis between acute, subacute, and chronic stages ( Figure 5 ). Despite the lack of statistical significance, a gradually increasing trend is grossly discernible in elastin fragmentation and medionecrosis over time. Of course, with type A dissections, the temporal span in specimens is short (days to weeks) because of the high need for early surgical intervention. This is in contrast to the long temporal span of our type B specimens, where long delays in the need for surgery are common.
Similarly, for type B aortic dissection, no difference was seen in the presence or absence of atheroma, intimal hyperplasia, subadventitial fibrosis, inflammation, fibrosis of vasa vasorum, or medial atrophy over time (Table 3) . However, significant histopathological grading increases in elastin fragmentation and fibrosis of the media were found ( Figure 6) . inflammation were not found to be statistically Changing Pathology of Aortic Dissection significant over time in our cohort, and may simply be representative of an underlying atherosclerotic state.
SUGGESTIONS FOR CLINICAL PRACTICE
Our findings of markedly accelerated aortic growth in the acute and subacute phases of aortic dissection are consonant with a program of more closely spaced imaging in the early post-dissection period. The protocol for imaging at our institution is indicated in 
CONCLUSIONS
The changes in aortic morphology and histopathology as acute aortic dissection transitions over time to chronic aortic dissection were as follows:
Aortic diameter increases remarkably rapidly early after dissection, with a later plateau. The dissection flap thickens early and then plateaus, straightens, and becomes less mobile.
The false lumen patency has an adverse effect on the outcome, and mild progression of false lumen thrombosis is seen over time.
Longitudinal extension of dissection or new branch
vessel involvement is rare.
The aortic wall is markedly abnormal in its histological pathology initially, and becomes increasingly more so over time. Changing Pathology of Aortic Dissection
